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DESCRIPTION 
DRIVE UNIT FOR COMPRESSOR AND REFRIGERATOR 

TECHNICAL FIELD 

The present invention relates to a drive unit for a compressor and a 

5 refrigerator. 

BACKGROUND ART 

Generally, refrigerant circuits for ase in an air conditioner are constituted 
by a compressor, an outdoor hea, exchanger, an expansion valve and an indoor 
heat exchanger which are all connected in series to perform operation on the 
10 vapor-compression refrigerating cycle. In such refrigerant ctrcui.s, operat.on ,s 
sometimes performed in inadequate conditions owing ,0 acceleration/decelerat.on 
of the compressor, abrupt fluctuations in load, and defective operat.on of other 
apparatus than the compressor. If this happens, the compressor gets internal 
damage, resulting in a failure in the compressor. 

To cope with this, the conventional refrigerant circuits of this type are 
des.gned to prevent liquid compression and the dilution of the lubnca.tng oil, for 
example, hy controlling the degree of superheating a suction refrigeran. 
(hereinafter referred to as "the degree of suction superheat) in the suction p.pe of 
the compressor. 

The above refrigerant circm.s control the temperature of the discharge 
pipe of the compressor so as to beeome equal to a temperature which is 
oetermined by maK.ng a comparison between the saturation temperature of the 
,ow-pressure refrigerant and the temperature of the drscharge gas of the 
compressor, whereby degradation of oil inside the compressor as we,, as 
25 degradation of the magnets is avoided. 

Concretely, Japanese Paten. Publication Kokai No. 7-180933 discloses a 
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refrigerator according ,o wh.ch, the temperature of ,he oi. of .he compressor and 
the pressure of the suction refrigerant of the compressor are detected and, 
according to the detection result, the so.ubiHfy of the refrigerant d.ssoived in the 
oil is caicula.ed. And, based on the soiubiiity of the refrigerant, the operat.on 
frequency of the compressor is controHed, .hereby preventing .he ddu.ion of .he 



oil. 



Als o, Japanese Pa.ent Pub.ica.ion Kokai No. 2001-99070 d.sdoses a 
compressor having uUrasonic probes a. .he lubrica.ion points .hereof. Based on 
ul „ason,c in.ensi.ies defected by .he uUrasonic probes, i, is determined whether 
10 or not poor lubrication occurs. 
PROBLEMS TO BE SOLVED 

The refrigerator of Japanese Pa.ent Publication Kokai No. 7-180933, 
However, docs no. direc.ly defect phenomena appearing wi.hin the compressor, so 
that flme delay, detection errors, e,e. are included in .he control. When 
„ designing a refrigera.or, safefy is fa.en into cons.dera.ion which of.en leads fo 
ccesaive pro.ec.ion of the compressor and others. As a resul, satisfactory 
performance on the refrigera.ing cycle cannot be achieved. 

As noted eariier, .he refrigera.or of Japanese Patent PubHca.ion Kokai No. 
2001-99070 needs provision of uUrasonic probes, which causes the drawback .ha. 
20 the number of parfs increases and .he compressor becomes comp.ex in s.ruc.nre. 

The invention is directed to overconmng .he shor.com.ngs of the pnor art 
a „o a primary objec. of .he inven.ion is, therefore, .o enab,e accurate prediction 
of .he interna, condif.on of a compressor, ,o prevent accidents caused by 
abnorma! ope r a.,o„ of .he compressor, and .o avoid excessive protection of .he 
25 compressor etc., thereby mainfaining a high-efficiency operating condif.on. 
DISCLOSURE OF INVENTION 
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Firs, of aU, a first invention is associated with a drive unit for a- 
compressor having a tnotor 6. The drive unit includes detecting means 16 and 17 
for detecting the current and/or voHage of the motor 6. The drive nnit forther 

i« for nredicting an internal condition based on 
includes prediction means 28 for premcting 

5 de.ecfion values obtained by these detecting means 16 and 17. 

,„ ,he firs, invention, the current and/or voltage of the motor 6 are 
detected in a motor dnve circuit (e.g., inverter circuit). Based on this electrical 
informatton, the interna, condition of the compressor 1 ,. predated. ThanKs to 
thi s arrangement, the current and/or voHage can be detected by real-time 

. . ,„ tha . th . internal condition of the compressor 1 
10 processing without time delay, so that the interna 

is predicted with high accuracy within a short time. 

,„ a second invention, there is provided a drive unit according to the firs, 
invention, wherein .he predic.ion means 28 has iden.iftca.ion means 20 for 
identifying a parameter of a motor model from .he de.ec.ion values ob.ained by 
16 rhe detecting means 1* and 17, and derivation means 21 for deriving .he in.erna, 
condition based on ,he parameter iden.ified by .he identification means 20. 

According to the second invention, .he identification means 20 identifies 
a parameter of a mo.or mode, from the detection values ob.ained by the detecting 
means 16 and 17. Based on .he parameter iden.ified by the iden.ifica.ion means 
20 20 the derivation means 21 derives .he internal condition. 

,„ a third invention, there is provided a drive unit according ,o the firs, 
invention, wherein the interna, condition predicted by the prediction means 28 is 
shaft abnormalities or poor lubrication. 

According to the third invention, occurrence of shaft abnormabt.es or 
25 poor lubrication is predictable. This enables it to make a change into a more 
relaxed service condition to avoid severe damage. 
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in a fourth invention, .here is prov.ded a drive unit according to the first 
invention, wherein ,he interna, condttion predicted by .he predie.ion means 28 is 

motor temperature. 

Aeeording <o .he fourth inven„on, since motor temperature is predieted, a 
5 need for a temperature de.ee.ton sensor ean be obviated. Further, i, is possibie 
to determtne whether the mo.or is driving normal., from, for examp.e, th,s 

predicted motor temperature. 

,„ a fifth ,„ven,ion, there is provided a drive uni, aeeording to the firs. 

invention, wherein the motor 6 is a brushless DC mo.or. 

n u rnt .hip« DC motor the internal condition 
10 Since the fifth invention uses a brushless UL motor, 

can be more accurately predicted. 

Sixth to thirty-eighth inventions are associated with refrigerators 
equipped with the drive uni, for a compressor constructed according ,0 the first 
invention. First, there is provided a refrigerator according to a sixth invention, 
« which has a refrigerant circui, provided with a compressor 1 tnc.uding a motor «. 
A ,so the refrigerator has detecting means 16 and 17 for detecting .he current 
and/or vohage of the mo.or 6, and prediction means 28 for predicting the interna, 
condttion of the compressor 1 based on detection va.ues obtained by the detecting 
means 16 and 17. 

20 According to the sixth invcntton, the current and/or vo.tage of the motor 6 

are detected in a motor drive circui, (e.g., tnverter circui,). Based on this 
electrica, ,nformat,on, the interna, condi.ion of ,he compressor 1 is predicted. 
Thanks ,o ,his arrangement, the current and/or voltage can be detected by real- 
tim e processing without „me de.ay, so that the internal condition of the 
25 compressor 1 is predicted with high accuracy within a short time and refrigeration 
is performed. 
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I„ a seventh inven.ton, there is provided a refrigerator aecording to the 
sixth tnvention, wheretn the predtction means 28 has iden.ifica.ton means 20 for 
identifying a parameter of a motor mode, from the deteetion vaiues obtained by 
U- de.ect.ng means 16 and 17, and derivation means 2. for deriving the interna, 
, condition o, the compressor 1 based on rhe parameter ,den„fied by the 

identification means 20. 

According to the seventh invention, the identification means 20 identifies 
a parameter of a motor model from the detection values obtained by the detecting 
me ans 16 and 17. Based on the parameter identified by the identification means 
10 20, the derivation means 21 derives the internal condition. 

in an eighth invention, there is provided a refrigerator according to the 
sixth invention, wherein the motor 6 is a brushless DC motor. 

In a ninth invention, there is provided a refrigerator according to the 
seventh invention, wherein the parameter identified by the identification means 20 

15 is motor driving torque. 

According to the ninth tnvention, since motor drivtng torque rs identified, 
refrigerant pressure etc. tn the refrigerant circu,, can be estimated from this motor 
driving torque. 

In a tenth invention, there is provided a refrigerator according to the sixth 
20 invention, wherein the internal condition predicted by the prediction means 28 is 
the high refrigerant pressure or low refrigerant pressure of the refrigerant circuit. 

According to the tenth invention, since the high refrigerant pressure or the 
like of the refrigerant circuit is estimated, the operating condition of the 
refrigerant circuit can be grasped from this high pressure or the like. 
25 In an eleventh invention, there is provided a refrigerator according to the 

ninth invention, wherein the refrigerant circuit is provided with refrigerant 
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ae.ect.ng means 22 and 23 (or detecting a refrigerant state. The derivation 
me a„s 21 derives the high refrigerant pressure or low refrigerant pressure of the 
refrigerant circuit hased on the motor driving torque identified by the 
.dent.fica.ion means 20 and the refrigerant state detected by the refrigerant 

5 detecting means 22 and 23. 

According to the eleventh invention, since .he high refrigerant pressure or 
,he Hire of the refrtgerant circuit is estimated based on the moror driving torque 
and the refrigerant state of the refrigerant circuit, the re.iabtlt.y of the esttmated 

high refrigerant pressure is high. 
10 in a twelfth tnvent.on, there is provided a refrigerator according to the 

„,„,„ inventton, wherein the refrigerant circuit is prov.ded with refrigerant 
detecttng means 22 and 23 for detecting a refrigerant state. The derivation 
means 21 is formed such that the relattonshtp between motor driving torque 
corresponding to the refrigerant temperature and/or refrigerant pressure of the 
1. refrigerant circut. and the degree of suction superheat of the compressor 1 is se, 
beforehand, and such that the degree of suction superheat of the compressor 1 is 
derived based on the motor driving torque identified by the identification means 
20 and the refrigerant state detected by the refrigerant detecting means 22 and 23. 

According to the twelfth invention, since the degree of suction superheat 
20 of the compressor 1 is est.ma.ed, the degree of sucrton superheat can be proper.y 
adjusted, so that excessively overheating operarton and we. operation can be 
avoided. 

In a thirteenth invention, there is provided a refrigerator according to the 
sixth invention, wherein the internal condition predicted by the prediction means 
25 28 is occurrence of an impact load within the compressor 1. 

According to the thirteenth invention, it is predictable that an impact load 
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s „ch as shaft abnormalities or iiquid compression has been imposed. This 
enables it to make a change into a more relaxed service condition, for example, by 
reducing the operation frequency of .he compressor 1, .hereby avoiding severe 
damage. 

In a fourteenth invention, .here is provided a refrigerator according to the 
thirteenth invention, wherein .he detection value obtatned by the detecting means 
1< is the current of .he motor 6, and .he prediction means 28 predicts occurrence 
of an tmpact load from .he htgher harmonic componen. of .he de.ec.ion curren. 

obtained by the detecting means 16. 
0 According to the fourteenth inven.ion, .he higher harmonic componen. of 

the de.ec.ton current is analyzed and if an abnormality occurs in this higher 
harmonic componen. (.he fundamental wave componen. of a curren. wave form), 
„ is .hen predtcted «ha« an impac. load such as shaft abnormality or liquid 

compression has been imposed. 
l5 In a fifteenth invention, there is provided a refrigerator according to the 

fourteenth invention, wherein the prediction means 28 predic.s occurrence of an 
im pac. load from the amount of distortion in the sine wave of the higher harmonic 
component of the detection current. 

According to the fifteenth invention, since the hxgher harmonic 
20 component of the detection current is analyzed and the impact load .mposed on 
the compressor 1 is predicted from the amount of d.stortion of the sine wave, the 
internal condition (such as poor lubrication or liquid compression) of the 
compressor 1 can be stably predicted. 

In a sixteenth invention, there is provided a refrigerator according to the 
25 fourteenth invention, wherein the prediction means 28 predicts occurrence of an 
impa ct load when the higher harmonic component of the detection current is 
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greater than a preset reference value. 

According to the sixteenth invention, since the tnternal condition of the 
compressor 1 is predicted by making a comparison between the htgher harmonic 
component of the detectton current and Us reference value, the interna, condttion 
5 (such as poor lubrica.ton or iiquid compresston) of the compressor 1 can be eastly 
predicted. 

In a seventeenth invention, there is provided a refrigerator according to 
th e sixteenth tnven.ion, wherein the reference value for the prediction means 28 is 
set in accordance with the refrigerant rempera.ure and/or refrigerant pressure of 

10 the refrigerant circuit. 

According to the seventeenth tnvention, since the specified reference 
value is set according to the refrigerant temperature or the ..Re of the refrigerant 
circuit, the ratability of the predicted internal condttion increases. 

,„ an eighteenth invention, there is provided a refrigerator according to 
15 the srxth tnvention, wherein the interna, conditton predtcted by the prediction 
means 28 is poor lubricatton or liquid compression in the compressor 1. 

According to the eighteenth inven.ion, occurrence of poor lubrication or 
liq „id compresston is predictable and, if poor lubrica.ton or Hquid compresston is 
predicted, there is then made a change into a more relaxed service condition to 

20 avoid severe damage. 

In a nineteenth invention, there is provided a refrigerator according to the 
ei ghteenth invention, wherein the detection vaiue obtained by the detecting means 
16 is the current of the motor 6, and the prediction means 28 predicts the poor 
lubrication or Hquid compression of the compressor 1, based on the increasing 
25 rate of the detection current obtained by the detecting means 16. 

According to the nineteenth invention, since poor lubrication or liquid 
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compression wi« occur if there i. a rap.d r, S e in current, the interna, condition of 
t he compressor 1 such as poor .ubrication can be predicted from this rise. 

in a twentieth invention, there is provided a refrigerator according to the 
nine.een.h invenrion, wherein the refrigerant circu,. is equ.pped with refrigeran, 
, detecting means 22 and 23 for detecting a refrigeran, state. In the prediction 
me ans 28, a stationary current for the mo.or « in its steady stale is se, based on 
the detection curren, obtained by the detecting means 16 and based on .he 
ref „geran t state detected by the refrigerant detecting means 22 and 23, and the 
poor ,ubrica,ion or liquid compression of the compressor I is predicted by max.ng 
10 a comparison between the stationary curren. and .he de.ec.ion curren, ob.a,ned by 

the detecting means 16. 

According ,o ,he ,wen,ie,h .nven.iou, since stationary curren. is set based 
on the de.ec.ion current and .he refrigeran. temperature, refrigeran, pressure or 
,he ,ike of ,he refrigerau, circuit, the stationary curren, ,hus se, has high 
15 reliability. Based on the comparison between the stationary curren, and the 
detection curren,, ,he interna, condition of .he compressor 1 ,s predic.ed. As a 
r .su„, the in,erna, condition o, the compressor 1 such as poor ,ubr,cation 

predicted with high accuracy. 

I„ a twen.y-f.rst invention, there is provided a refrigerator according to 
20 .he ninth invention, wherein the prediction means 28 pred.c.s poor .ubrication or 
liq „id compression in .he compressor 1 based on an increase in mo,or dnv.ng 
torque which exceeds a specified value. 

According ,o the <wen.y-firs, invention, s.nce poor lubrication and liquid 
compress.on will occur 1, .here is a big rise in mo.or driving .otque exceeding a 
25 specified value, ,he interna, condition of .he compressor ! such as poor 
lubrication can be predicted from the rise. 
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I„ a .wenty-second invention, .here is provided a refrigerator according to 
the twen.y-f.m tnven.ion, wherein the refrigerant circni. is equipped wtih 
refrigerant detecting means 22 and 23 for detecttng a refrigerant state. In the 
paction means 28, a stationary torque for the motor 6 in its steady state is set 
, based on the motor driving torque identified by the tdent.fication means 20 and 
based on .be refrigerant sta.e de.ec.ed by .he refrigerant detecting means 22 and 
23 and the poor .ubrication or liquid compress.on of .he compressor 1 » 
predicted by making a comparison be.ween .he stationary torque and the motor 
driving torque identified by the identification means 20. 
0 According to the twenty-second invention, since stationary .orque is set 

based on .be motor driv.ng .orque and the refrigerant rempera.ure, refrigerant 
pressure or the like of the refrigerant circuit, the s.ationary torque thus se, has 
nig h reliability. Based on the comparison between the s.ationary torque and the 
identified torque, the .n.ernal condition of the compressor 1 is predicted. As a 
15 resuit, .he .nterna! condition of the compressor 1 such as poor indication ,s 

predicted with high accuracy. 

in a twenty-third invention, there is provided a refrigerator according to 
,he ninrh tnvention, wherein the prediction means 28 outputs information on the 
internal condition of .he compressor 1 which has been predicted. 

According to the twen.y-.hird invention, since information such as 
predated refrigerant rempera.ure, refrigerant pressure, or the lubrication state of 
,he shaft is outputted, the user or the like can grasp the interna, condition of the 

compressor 1 without fail. 

in a .wen.y-fourtb invention, there is provided a refrigerator according to 
25 ,he ninth invention, wh.ch has protection means 29 for protecting the compressor 
I based on .nformation on the .n.ernal condti.on of the compressor 1 predicted by 
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the predict.on means 28. I. should be noted that ".he protection of the 
compressor" expressed herein means that the compressor is prevented from 
abnormal operation, based on the information predicted or detected. 

According to the twenty-fourth invention, the compressor 1 is pro.ec.ed 

) by the protection means 29. 

in a twenty-fifth invention, there is provided a refrigerator according to 
th e twenty-fourth invention, wherein the protection means 29 controls inverter 
controUing means 26 for driving the compressor 1 .0 perform a protective 

operation of the compressor 1. 

According to the twenty-fifth invent.on, the tnterna! condition of the 
compressor 1 is predicted from the current of the motor 6 or the like, and the 
inverter controlling means 26 is controlled based on this internal cond.tion. As a 
result, the protective operation of the compressor 1 is performed. 

In a twenty-sixth invention, .here is provided a refrigerator according to 
15 the twenty-fifth tnvention, wherein the protection means 29 controls the inverter 
con.ro.ling means 26 to perform .he protective operation of .he compressor 1 in 
preference lo operation control of the refrigerant circuit. 

According to .he .wen.y-six.h invent.on, since .he protective operation of 
the compressor 1 is performed in preference to an instruction given ,o star, the 
2 0 operation con.ro, of the refrigerant circuit, the compressor 1 can be s.eadi.y 
protected. 

,„ a twenty-seventh .nvention, there is provided a refrigerator accord.ng 
,o the twenty-fourth invention, which has switch.ng means for switching from the 
protective operation of the protection means 29 to a steady operation, based on 
25 .he information on the internal condition of the compressor 1 which has been 
predicted by the prediction means 28. 
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Accordtng to the twenty-seventh inventton, since the refrigerator includes 
the swi.ch.ng means for switchrng the protective operation of the compressor 1 ,o 
the steady operation, recovery of the steady operation can be done on,y when it is 
determined based on the prediction of the interna, condition of the compressor 1 
5 that no abnormal operations will be caused by recovery of the steady operation. 

In a twenty-eighth invention, there is provtded a refrigerator according to 
the twenty-fourth invenrion, wherein the protection means 29 makes a failure 
diagnosis on the compressor 1. It should be noted that the term "failure 
diagnosis" used herein means that the compressor is diagnosed as having poor 
,0 lubrication from current distortion, or as having liquid compression from a change 
in current, or as having abnormalities in high pressure or low pressure based on 
estimation of refrigerant pressure. 

According to the twenty-e.gh.h tnven.ion, since a failure diagnosis is 
m ade based on the predicted interna, condi.ton. no. only the reliability of the 
15 failure diagnosts is high, but also i. is poss.ble to point the location of failure and 

to predict the cause of failure. 

in a twenty-ninth invention, there is provided a refrigerator according to 
the rwenty-etghth invention, which has memory means 21 for memorizing the 
result of the diagnosis made by the protection means 29. 
20 According to the twenty-ninth inventton, stnce the result of the failure 

diagnosis is stored in the memory means 21, faults can be corrected by utilizing 
the result of the failure diagnosts after, for instance, stopping of the operation. 

In a thirtieth invention, there is provided a refrigerator accordtng to the 
.wenty-fourth invention, wherein rhe protects means 29 is so formed as to 
25 forecast a failure in the compressor 1. I. should be noted that the term "failure 
forecast" used herein means that poor lubrication is predicted from current 
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distortion, liquid compression is predicted from a change in current, or 
abnormalities in high pressure or low pressure are pred.c.ed from estimation of 

refrigerant pressure. 

According to the thirtieth invention, since the failure forecast is made 
5 based on the predicted internal condition, not only the reliability of the failure 
forecast is high, but also an abnormal operation which leads to a failure can be 
avoided based on this failure forecast. 

In a thirty-first invention, there is provided a refrigerator according to the 
thirtieth invention, which has communication means 31 for outputting information 
10 on the forecast made by the protection means 29. 

According to the thirty-first invention, since information on the failure 
forecast can be sent to the outside, it is possible to inform the user or the like of 
the failure forecast so that an operation which leads to a failure can be avoided. 

In a thirty-second invention, there is provided a refrigerator according to 
15 the twenty-fourth invention, wherein the protection means 29 is so formed as to 
alter the control content or control parameter of the refrigerant circuit. 

According to the thirty-second invention, since the control content or 
control parameter of the refrigerant circuit is changed based on the predicted 
internal condition, high-efficiency operation can be achieved. 

In a thirty-third invention, there is provided a refrigerator according to the 
sixth invention, wherein a refrigerant system model for the refrigerant circuit is 
provided beforehand and the operating condition of the refrigerant circuit is 
predicted based on information on the internal condition of the compressor 1 
predicted by the prediction means 28. 

According to the thirty-third invention, since a refrigerant system model 
is used and the operating condition of the refrigerant circuit is predicted based on 
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, h e predicted interna, condition, the prediction of the interna, conditton is carried 

out with high responsibility. 

I„ a thirty-fourth tnven.ion, there is provided a refrigerator according to 
tne seventh tnven.ton, wherein .he mo.or 6 is a brushless DC motor, and wherein 
5 the prediction means 28 predtcrs motor temperature from the current and volrage 
of the motor 6 and instrument constants. 

According to the thirty-fourth invention, since motor temperature is 
predtcted from the current and voltage of the motor 6 and instrument constants, 
u se of a temperature detection sensor becomes unnecessary. If the rotating 
10 position of a rotor la is predicted in this arrangement, motor temperature can be 
estimated without additional use of other arrangements. 

In a thirty-fifth invention, there ts provided a refrigerator according to the 
seventh tnven.ion, wherein .he mo.or 6 is a brushless DC motor, and wheretn the 
identification means 20 identifies a parameter based on a mo.or model cons.i.u.ed 
16 by .he current and voltage of the motor 6, resistance, and inductance. Further, 
,he derivation means 21 derives mo.or .empera.ure based on the paramerer 
identified by the identification means 20. 

According to the thirty-fifth invention, since a motor model is used, the 
temperature of the magnets lb can be estimated through easy arithmetic operation. 
20 The temperature of the magnets lb is used in place of motor temperature. 

In a thirty-sixth invention, there is provided a refrigerator according to the 
thirty-fifth invention, wherein the identification means 20 obtains a motor voltage 
equation in such a way that a d-axis is plotted in the direction of the N pole of 
magnets lb of the motor 6, a q-axis is plotted in the direction which is shifted 
25 forward from the d-axis by nJ2, and a basic voltage equation for a three-phase 
PMSM is converted into a d, q axis coordinate system which rotates at an electric 
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angular speed and ,he Identification means 20 then identif.es a magnetic flux 
characteristic value associated with an armature flux Hnxage generated by the 
ma gne.s lb, using this motor voi.age equation. Further, the derivation means 21 
derives the temperature of the magne.s lb as motor temperature based on the 
5 magnetic flux characteristic value identified by the identification means 20. 

According to the thirty-sixth invention, motor temperature can be reliably 
estimated utflizing a simple basic anthme.ic expression without use of a 

temperature sensor. 

In a thirty-seventh invention, there is provided a refrigerator according to 

10 the thir.y-s.xth invent.on, wherein the .dent.fica.ion means 20 obtains a voHage 
equation for a steady state from the motor voltage equation, and at the time of the 
identification, the d-axis component of the armature curren. of the steady-s.a.e 

voltage equation is set to zero. 

According to the thirty-seventh .nvention, since the voi.age equation for 
„ the motor 6 in its steady state is obtained and a. the time of the prediction, the d- 
axis component of the armature curren, is set to zero in this voltage equation, the 
number of operation elements as well as operation errors can be reduced. 

In a thirty-eighth .nvention, there is prov.ded a refngerator according to 
,he thirty-fifth invention, wherein the refrigerant circu.t has refrigerant detecting 
20 means 24 for detecting the temperature of a discharge ptpe of the compressor 1. 
The refrigerator further comprises ca.ibra.ion means 36 which is conf.gured such 
that , the motor temperature derived by the derivation means 21 being regarded as 
.he .nternal temperature of the compressor 1, the internal temperature derived by 
the derivation means 21 is calibrated based on .he d,scharge pipe temperature 
25 detected by the temperature detecting means 24. 

According to the thirty-eighth .nvention, since the .n.ernal temperature is 
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calibrated, the reliability of the estimated temperature increases. The actual 
temperature used for this ca.ibra.iot is the discharge pipe temperature of the 
compressor 1. This discharge pipe temperature is used when performing 
discharge pipe temperature control of the refrigerant circuit, and a temperature 
5 sensor for detecting the discharge pipe temperature is usually provided for the 
r .fri g era„. circuit. Therefore, .here is no need ,0 use an additional temperature 
sensor for the calibration described above. 
EFFECT OF INVENTION 

Accordtng to the invention, the tnterna. condition of the compressor 1 can 
10 be predicted with high accuracy by real-time processing without rime delay. 
This makes i, possible to notify occurrence of a failure beforehand by detecting 
from the internal condt.ion that an internal property has changed with time and to 
determine the locat.on of a fault and predict the cause of the fault based on the 
change of the property from irs initia. state. More specifically, a failure forecast 
1B or failure diagnosrs can be accuracy made in real rime by predicting the inremal 
condition of the compressor 1, so that destructton due to abnormal operation of 
the compressor 1 can be prevented and the re.iability of the compressor 1 can be 
increased. 

According to the second invention, since a parameter of a motor model is 
20 identified and the internal condition is derived based on this identified parameter, 
the internal condition can be more correctly predicted. As a result, reliable 
avoidance of abnormal operation etc. can be achieved. 

According to the third invention, since shaft abnormalities and poor 
lubrication are predictable, it is possible to make a change into a more relaxed 
25 service condition, for example, by reducing operating frequency when troubles 
occur. As a result, severe damage can be avoided. 

- 16- 



DK-US055008 app 



According to the fourth invcn.ion, since motor temperature is estimated, ,. 
U unnecessary to use a temperature detection sensor. In addit.on, if data for 
estimating a ro,a„n g post.ion are used, additional use of other components 
becomes unnecessary. This enabies it to obtain motor temperature a, low cos,. 
5 Fro m this predicted motor remperature, i, is possible to determine, for example, 
whether the motor is operating normal.y. Stnce there is the poss.b.li.y that a 
mo ,or fa„ure wi.l occur if the motor is in abnormal operation, the opera.ton rs 
stopped before occurrence of a failure thereby avoiding troubles. 

Accordtng to the fifth invention, a brushless DC motor is used, which 
10 increases the accuracy of the prediction of the internal condrtion. 

According to the sixth tnven.ion, the internal condition of the compressor 
, can be predicted with h.gh accuracy, so that superfluous design can be avo.ded 
and the refrigerant circuit can exert satisfactory performance. 

According to the seventh invention, a parameter of a motor mode, is 
„ identifted and the rn.crna. condition is derived based on this identified paramerer. 
so that .he interna, condition of .he compressor 1 can be more correctly predicted. 
As a result, abnormal operation of the refrigerant circut, ere. can be re.iab.y 
avoided. 

Accordtng to the eighth invention, a brushless DC motor is used, so that 
20 the internal condition can be more accurately predicted. 

According to .he ninth invention, since motor driving torque is estimated, 
th e refrigerant pressure etc. of .he refrigerant circuit can be predicted front this 
motor drivtng torque. This makes it possible to prevent .he compressor 1 from 

operating abnormally. 

According to the tenth invention, since .he high refrigerant pressure etc. 
of the refrigerant circuit is estimated, the opera.tng condition of the refrigerant 
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circuit can be grasped from .his refrfgeran, pressure. As a result, opera t ,on w,h 
assure abnormalities can be avoided, which prevents a failure in .he compressor 
1 without fail. 

According .0 .he eleven* invention, since the reliability of the estimated 
5 refrigerant pressure is high, operafon in an abnormal conditio, and therefore a 
failure in the compressor 1 can be avoided without fail. 

According to the twelfth invent.on, the degree of suction superheat of the 
compressor 1 can be est.mated. In the even, that the degree of suction superheat 
is inadequate, it can be properly adjusted so .ha, excessive overheating and 
10 excessive wet operation can be avoided. 

According to .he thirteenth invention, it is predicate that an impact load 
such as shaft abnormalit.es or liquid compress.on has been imposed. Therefore, 
if such an impact load i. predicted, the operating frequency of the compressor 1, 
for instance, w.U be reduced. As a result, operation is shifted into a more 
15 relaxed service condition, thereby avoiding severe damage. 

According to the fourteenth invention, shaft abnormalities and liquid 
compress,o„ can be steadily predicted from the high frequency component of 
current. This makes it possible to avoid operation in an .mpac.-load-imposed 
condition, thereby preventing a failure in the compressor 1 etc. 

According to the fifteenth invention, shaft abnormalit.es and .iquid 
compression can be steadi.y predicted from the distortion amount of the h.gh 
frequency componen, of current. Th.s makes possible to prevent abnorma, 
operat.on and, therefore, a failure in the compressor 1 etc. wifhouf fail. 

According to the sixteenth invention, since occurrence of an impact load 
25 is predicted from a rise in .he high frequency componen, of current, easy and 
accurate prediction of the .n.ernal cond.tion of the compressor 1 becomes poss.ble. 
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With .his arrangement, abnormal operation and therefore a failure in the 
compressor 1 etc. can be prevented without fail. 

According to .he seventeen... invention, since a reference valne is set in 
accordance wi.h .he state o, the refrigerant, the reliability of .he predie.ed 
5 interna, condit.on can be increased. Th.s makes it possible to prevent a failure 

in the compressor 1 etc. without fail. 

Accord.ng to the eighteenth invent.on, poor lubrication and liquid 
compression are predictable, and if poor lubrication or liquid compression is 
predicted, the operation frequency of .he compressor 1, for example, can be 
10 reduced. As a resuU, operation can be shifted into a more relaxed service 
condition, thereby avoiding severe damage. 

According to .he nineteenth invention, since occurrence of poor 
Mbrication or liquid compress.on is predictable from a rise in current, abnormal 
operatton and .herefore a failure in the compressor 1 e.c. can be avoided without 
15 fail. 

According to the twentieth invention, s.nce a comparison be.ween the 
stationary current and detection current of the motor 6 is made, accurate 
prediction of .he in.ernal condition of the compressor 1 such as poor lubrication 
becomes possible. With this arrangement, abnormal operation and therefore a 
20 failure in the compressor 1 etc. can be prevented without fail. 

Aceordtng to the twenty-first invention, since the in.ernal condition of the 
compressor 1 such as poor lubrication is predic.ab.e from a rise in motor driv.ng 
torque, abnormal operation and, in consequence, a failure in the compressor 1 etc. 

can be avoided without fail. 

According to the twenty-second invention, since the stationary torque of 
the motor 6 is compared with the ident.fied motor driving torque, accurate 
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pr edic„on of .he tn.erna, condition o, ,he compressor 1 such as poor iuhrica.ion 
becomes possible. Wi.h this arrangement, abnorma. operat.on and therefore a 
failure in the compressor 1 etc. can be prevented without fail. 

According to the ,we„ty-,hi,d inven.ton, since information on the tn.erna, 
, condition of the compressor 1 is output, the user or the HU can correctly grasp 

the internal condition. 

According to the twenty-fourth invention, since the protective operat.on 
of th e compressor 1 is earned out, a failure in the compressor 1 can be prevented, 
thereby achieving improved durability. 

According to the twenty-fifth tnvention, since the protective operation is 
carried ou, by varying ,nver,er eon.ro,, a fai.ure in the compressor 1 etc. can be 

prevented without fail. 

According .0 the .wen.y-six.h inven.ion, since .he compressor 1 is 
pro.ee.ed in preference to .he control of the refrigerant circuit, improved 
15 ^ability can be ach.eved so that stable operation can be performed over .he .ong 
period of time. 

According to the .wen.y-seven.h invention, .he compressor 1 can re.urn to 
th e steady operation only when no abnorma, operation is caused by recovery of 
th e steady operation. Wi.h .his arrangement, as ,ong as the predicted interna, 
20 condition is norma,, norma, operat.on can be carried out so that h.gh-efficiency 

air conditioning can be achieved. 

According to the twenty-eighth tnvention, since a fai.ure diagnosis can be 
mad e the iocation and cause of a fan,, become predictable. This maXes ,. 
possible to correct the fault and remove the cause of the fau„ thereafter, so that 
25 operation in a failed state can be avoided. 

According to the twenty-ninth invention, since the result of the failure 
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^gnosis can be store,, fauU correc.ion e,c. can be made by use of .he resu.t of 
,he diagnosis, for example, after the operation is stopped. 

Accordtng to tbe thirtieth inven.ton, since a fai.ure forecast is made, 
ahnorma, operar.on entai.tng a faiiure can be avotded based on .he fai.ure forecast. 

According to the thirty-firs. invent.on, since forecast information ,s 

entailing a failure can be avoided. 

According to .he ,h,r.y-second inventton, since .he con.en.s of con.ro, etc. 
ar e changed, htgh-efftciency operation can be performed which >eads to a 

10 reduction in the running cost. 

According .o .he thirty-third invention, since .he opera.ing condition of 
.he refrigeran. circa,, is predicred, abnorma, operation and therefore a fai.ure in 
the compressor 1 can be avoided without fail. 

According to the thirty-fourth invention, since motor temperature can be 
16 esU ma.ed, .here is no need to use a temperature detection sensor for .he 
r „n, circuit, in additton, in cases where da.a for predtcting .he rotating 
posibon of the motor * is used, a need to additional use of other components can 
he obv,a.ed. Tbts maRes it possib.e to obtain motor temperature a. low cos,. 
Further, once motor temperature is estimated, ,. becomes possible to determine 
20 from the esttma.ed mo.or temperature whether the motor functions normaUy. If 
m abno.ma.Uy is found, the operatton is then stopped before the mo.or 
malfunctions, so that a fai.ure can be avoided. 

Accordtng .o the thirty-fifth invention, the temperature of .he magnets lb 
ca „ he estimated through stmp.e ari.hme.ic operation. The temperature of .he 
25 magnets lb can be used as mo.or temperature. Therefore, .he predic.ed mo.or 
temperature has high reliability. 
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According .0 «he thirty-si** inven.ion, mo.or temperature can be re,iab,y 
es.ima.ed no, by using a .empera.ure sensor, bu, by uti^ng a sim P ,e has, 

arithmetic expression. 

Accord.ng to .he th,r,y-seven.h invention, since a mo.or voUage ecjuat.on 
„ (or .he s.eady s.a.e is ob.ained and .he d-componen. o, arma.ure cnrren. in .he 
mo.or vonage e,ua,ion is se. .o *ero a. .he .ime of .he predic.ion, .he number of 
op era.io„ e,emen.s as weH as opera,on errors can be reduced. This enabies high 

accuracy temperature estimation. 

According .0 .he th.rty-eighth .nvenrion, since , he esrima.ed .enrpera.ure 
10 is ca,ibra,ed, improved reiiabiJi.y can be assured. This proven, .he compressor 
, from be,„g judged ro be abnorma, when i. is opera.ing in Us norma, sra.e and, 
conversed judged ro be norma! when i, is opera.ing in its abnorma, s.a,e. 

AddUionaUy, .he ac.ua! .empera.ure used for .he eal.bra.ion is .he 
.empera.ure of ,he discharge pipe of .he compressor I. This discbarge p.pe 
15 .empera.ure is used when performing d.scharge p.pe .emperarure con.ro, of .he 
refng eran, eircu,, and .he refrigeran, circui. is eouipped with a .emperarure 
sensor for dejecting .he .empera.ure of .he d.scharge p.pe. Therefore, addUiona, 
use of a .emperarure sensor is unnecessary for .he ca.ibrauon, which ,eads ,o cos. 
reduction. 

20 BRIEF EXPLANATION OF DRAWINGS 

Fig ure 1 is a schema.ic d.agram of a drive uni. for a compressor according 

to a first embodiment. 

Fig ure 2 ,s a schemaric diagram of an air condirioner prov.ded with .he 

drive unit for a compressor. 

Figure 3 shows Jhe re.a.ionship be.ween ,he torque and high pressure of 

the air conditioner. 
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Figure 4 shows the relationship between the torque and degree of 

superheat of the air conditioner. 

Figure 5 shows the re.a.ionship between the degree of oi. dilution and 

current of the air conditioner. 

Figure 6 shows the relauonship between the torque ete. of the air 

conditioner and time. 

Figure 7 shows the relationship between the torque and degree of oil 

dilution of the air conditioner. 

Frgure 8 is a schematic diagram showing a modification of the drive uni, 

10 of the first embodiment. 

Figure 9 is a waveform char, show.ng the hrgher harmonic component of 

an instantaneous current of the drive unit shown in Ftgure 8. 

Figure 10 is a schematic diagram showing ano.her modification of the 

drive unit for a compressor. 

Ftgure 11 ts a schema.tc dragram of a drive un„ for a compressor 

according to a second embodiment. 

Figure 12 is a schematic diagram of an air conditioner provided with the 

drive unit of the second embodiment. 

Rgure 13 is a P ar,ia,,y cut-away perspective view of the compressor 

20 according to the second embodiment. 

Figure 14 is a schematic plan view of a blushless DC motor. 

F,gure 15 shows a rotating coordinate system mode, for the brushless DC 



motor. 



Figure 16 is a graph used for obtaining a magnetic flux characteristic 
25 value from a motor voltage equation, the magne.tc flux characteristic va.ue being 
associated with an armature flux linkage generated by magnets. 
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Figure 17 shows the relationship between the magnette flux charae.ensttc 
value and temperature. 

BEST MODE FOR CARRYING OUT INVENTION 

Referring now to the accompanying drawings, preferred embodiments of 
5 the invention will be hereinafter described in detail. 

FIRST EMBODIMENT 

Figure 1 schematic^ il.us.rates a drive unir 40 for a compressor 1, 
„„ich has a predion system (prediction means) 28 for predicting the interna, 
condirton of the compressor 1. The drive uni, 40 for the compressor 1, wh.ch 
,0 indudes .he prediction sys.em 28, is used for the air conditioner (,e„ 

refrigerator) shown in Figure 2. 

Thts air conditioner has a refrigerant circulation circuit (refrigerant 
syst em) whtch is a refrigerant circui, wherein the compressor 1, an outdoor hea, 
exchanger 2, and an expans.on vaive (e.ectric expansion valve) 3 and an Indoor 
15 hea, exchanger 4 are all connected in series. Cooling operation and h.aung 
operation are poss.b.e for .he refrigerant circu,a.,on circui. by switching a four- 
way swrtching va,ve 5. The ou.door hea, exchanger 2 and the .ndoor hea, 
exchanger 4 are provided w„h temperature detecting means 22 and 23, 
respective.,, ,o de.ec, the refrigeran, .empera.ure of .he hea. exchangers 2 and 4. 

c ™<\ 23 each consist of a temperature sensor 
20 The temperature detecting means 22 and 23 eacn cons 

such as a temperature thermistor. 

As shown in Figure 1, .he compressor 1 includes a three-phase coil 10 
having a U phase 7, V phase 8, and W phase 9, and a brushless DC mo.or 6 
equipped with an inver,er 11. The ,nver,er 11 employs a sine wave PWM 
25 con,ro. me,hod. In this inverter 11, an inpu, a.c. power is converted in,o a d.c. 
power by an AC-DC converston circui, section 12, and this d.c. power ,s 
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sm oo,hed by a smoothing circuit section 13 and then convened into an a.c. power 
Having desired fluency by an inverter section X4 which is a DC-AC conversion 
circuit section. 

The tnverter 11 is con.ro.led by an inverter signal released from an 
, invener controlltng means (no, shown), and, in return, con.rols fluency and 
voltage by changing the ON-OFF pattern of the transistor of the inverter sectton 

A „ instantaneous current flowing into the three-phase coi. 10 of .he motor 
« ,s detected by a current detector (current sensor) 16, and an instantaneous 
10 voltage applied to the rhree-phase col, 10 of the motor t is detected by a voltage 
sector (volrage sensor, 17. In this case, the current detector 16 and the voltage 
detector 17 constitute detecting means and are formed between the AC-DC 
conversion circuit section 12 and the smoo.bing circuit section 13. The voHage 
„ obtained by emulating the ON/OFF ratio and DC voltage of .he transistor, 
16 whereas the current is obta.ned from ,he switch pattern and DC current o, the 
transistor. 

to the atr conditioner described above, when performing cooling operat.on, 
the four-way switching valve 5 is changed to the state tndicated by so,id Hne in 
Figure 2, thereby actuar.ng the motor 6 of the compressor 1. This causes the 
2 „ refrigerant discharged from the compressor 1 to be expanded by the expanston 
valve 3 in vacuo after passing through the outdoor hear exchanger 2, and to return 
,o the compressor 1 by way of the indoor hea, exchanger 4. A. that time, .be 
outdoor hea, exchanger 2 func.ions as a condenser. wh„e ,he ,ndoor exchanger 4 
functioning as an evaporator, so .ha, cooling operation is performed. 
25 When performing hea.tng opera.ton, .he four-way switching valve 5 is 

changed .o .he state indicated by dashed line in Figure 2, .hereby ac.ua.ing .he 



25 • 



DK-US055008 app 



mo ,or 6 of the compressor 1. This causes rhe refrigeran, discharged from .he 
compressor 1 .0 he expanded by the expans.on valve 3 in vacuo after passmg 
thr ough the indoor hea, exchanger 4, and t o reiurn .0 the compressor 1 by way of 
the outdoor hear exchanger 2. At that time, the indoor hea, exchanger 4 
, functions as a condenser, while the outdoor hea, exchanger 2 functtoning as an 
evaporator, so that heating operation is performed. 

In both cooling and heating operations, there somebmes occurs a failure 
owing to damage to the inside of the compressor 1 under unsuitable operating 
conditions such as acceleration/deceleration of the compressor 1, an abrupt 
10 change in load, and operating faults in other apparatus than the compressor 1. 
To cope with this, the prediction system 28 is des.gned to predtc, the interna, 
condition of the compressor 1, thereby informing occurrence of a failure in 
advance, determining the location of a fault, or predicting the cause of the fault. 

More specifically, the prediction system 28 shown in Figure 1 predicts the 
« internal condition of the compressor from the detection values of the 
instantaneous current and/or tnstantaneous voltage of the coi, 10. The prediction 
system 28 is equipped with a computing means 20, i.e., an arithmetic operation 
unit and a memory means 21, i.e., a storage unit. The computing means 20, the 
memory means 21 and others constitute a microcomputer. 

The computing means 20 constitutes an identification means for 
identifying a parameter of a motor mode, from detection values obtained by the 
curren, detector 16 and the voltage detector 17. Concretely, the computing 
means 20 identifies a motor driving torque from the motor model. 

The memory means 21 is so constructed as to derive the internal condition 
25 based on the parameter identified by the computing means 20. Concretely, the 
memory means 21 derives refrigerant temperature or refrigeran, pressure. 
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Th e arithmetic operation for identifying the motor driving roraue of the 
btus h,ess DC motor « may use an arithmetic expresston constituted by 
iterances and current vaiues or an arithme.tc expression constituted by a 

magnetic flux and current values. 

The arithmetic express.cn constituted by inductances and current vaiues ,. 
expressed by Et.ua.ion (5) ustng the foflowing Equations (!) to (4). That is, an 
jn s,an,aneous vo.tage V is represented by E q ua,ion (1), a magnetic flux , ,s 
represented by E q ua,ion ,2), and the dtrection of the vector of the magnetic flux 
is represented by Equations (3) and (4). 
10 V = L x dl/dt + dep/dt ...(1) 

where 

L: inductance 
9 : magnetic flux 
<p = JVdt + Lxl ... (2) 
15 (pcos9 = jVadt + Lxla ... (3) 

(psin9 = |vpdt + Lxip -(4) 

Based on Equations (1) to (4), 6 can be predicted. In other words, a 
mot or position (i.e., the position of the rotor) can be predicted from the 
instantaneous current I and instantaneous voltage V which have been detected. 
20 The detection values and constants, which are used in the above prediction, are 

conversion of input current values iu, iv and iw of the compressor 1. These 

, . . j • Pmiat ion (5) thereby determining a motor driving 
values are then substituted in Equation p;, uwi y 

torque Tm. 

25 Tm = Px{(pa + (Ld-Lq)xid} xiq .-.(5) 

where 
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P- polar logarithm 

id , , q: curren. vaiues ob.arned from coordinate conversion of inpo, 

currents of the compressor 

cpa: flux linkage generated by permanent magnets 

5 Ld: d-axis inductance 

Lq* q-axis inductance 

The ari.nme.ic eoua.ion con.Uu.ed oy .he ma g ne.ic flu* and .He curren. 

„„ and corren. and wor kS on a s.a.o, The roror ,or q ue o f .He mo.or » serves as 

„ Therefore the motor driving torque can be 
10 a reaction force against stator torque. Therefore, 

given by Equation (6). 

Tm = Px(Xaxip-^pxia) .-.(6) 

where 

P: polar logarithm 

flux fa drop in motor terminal voltage on the 
15 Xo, ^P: primary magnetic flux (a drop in 

basis of time product - resistance) 

ip io: primary current (motor line current) 

In Equation (6), a and P are the coordinates of a fixed coordinate system 
and thre e phases u, v, w are transformed into two phases. * is calculated by the 
20 following Equation (7), and X P by Equation (8): 
\aMVadt ••• ( 7 > 

^fVpdt ••• W 

™ the refrigerant system (evaporation 
Temperature information on the retnger 

t empera.ure and condensa.ron .empera.ure de.eered H y .He .empera.ure de t ec.,n g 
25 means 22 and indicarive of .He re f ri g era„, ,a.e of .He re f ri g era„, clarion 

?i As shown in Figure 3, a torque - high 
circuit, is input to the memory means 21. As shown 
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pressure graph (i.e., -cue - condensation temperature graph) for a pluraliry of 
evaporation temperatures Te ,s prepared beforehand for every revolu.ion speed of 
the eompressor 1 and stored in the memory means 21. Therefore, the prediction 
sys ,em 28 can estimate, based on these graphs, a condensation temperature Tc 
, from the ea<eu.ated motor driving tor q ue Tm and an evaporation temperature Te 
and esttmare a condensing pressure (high refrigerant pressure, Pc from thts 
condensation temperature Tc, based on the refrigerant properties. 

For exampie, if the motor driving torque Tm ts lONm in the case where 
the revolu.ion speed of the compressor 1 is 60 rps and the evapotat.on 
,0 temperature Te is lot, the condensatton temperature Tc is est.ma.ed to be about 
50"C. 

A torque - low pressure graph (i.e., torque - evaporat.on temperature 
gra ph) corresponding to a p.urali.y of condensation temperatures Tc is prepared 
forehand for every revolution speed of the compressor 1. Based on these 
« graphs, an evaporation temperature Te can be estimated from the motor driving 
torqu e Tm and the condensation temperature Tc, and an evapora.tng pressure (low 
refngeran. pressure) Pe can also be est.ma.ed from this evaporation temperature 

Thus, a condensatton temperature Tc and evaporat.on temperature Te can 
20 be estimated, and this control provides the fo.lowing advantages. When 
measuring a eondensat.cn temperature Te or an evaporation temperature Te as m 
.he conventual systems, a considerable time delay occurs by the time the 
temperature of the measurement par, reaches a stat.onary temperature so that a 
correct measurement va.ue cannot be attained. In contrast with this, such a time 
25 celay does no, occur in estimating a high refrigeran, pressure or consun, 

o mftt nr drivine torque. Therefore, the protective 
refrigerant pressure from a motor driving ioiqu 
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control for preventing abnormaltties in high and low pressures can be earned our 
without delay. As a result, severe damage can be avoided. 

The condensation temperature Tc and evaporation temperature Te, which 
are obtained by .he above con.ro!, may be utilized for determination as to whether 
, .here exist abnormalities in the sensors for measuring a condensation .empera.ure 
Tc and evaporation temperature Te. 

in additton, the relationship between motor drtving torque and .he degree 
of suction superhea. may be grasped for every specified .empera.ure condition 
and/or pressure condition of the refrigerant system. In thts case, .he degree of 
10 suctton superheat of the compressor 1 in operatton can be estimated based on a 
d e.ected motor driving torque and .empera.ure and/or pressure information 
obtained at that time. More concretely, the relationship between motor dnving 
tor que Tm and the degree of suction superhea. SH is obtained for every specified 
condensing pressure Pc and evaporatton pressure Pe .o prepare .orque - degree of 
« superheat graphs beforehand. Then, .he relat.onship graph such as shown in 
Figure 4, which corresponds to a de.ected condensation pressure PC and 
evaporatton pressure Pe, is selected from .hem, and the degree of suction 
superheat a. that time is esttma.ed from the motor driving torque Tm which has 

been obtained (calculated). 
20 in the torque - degree of superhea, graph shown in Figure 4, the degree of 

suction superhea, is plotted on the abscissa, whereas mo.or driving ,orque is 
plotted on the ordinate. Therefore, if .he calculated torque is Tmot in Figure 4 
for ,ns«ance, the degree of suction superhea. can be estimated from the value of 
the pent corresponding to Tmot on the axis (abscissa) representing the degree of 
25 suctton superhea.. Thereby, if the estimated degree of suction superhea, is 
inadequate, it can be adjusted to a suitable va!ue thereby avoiding excess.ve 
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overheating and wet operation. 

I, should be no.ed .ha. .he prediction sys.em 28 may de.ee. a s.eady s.a.e 
(i e a s.eady s.a.e instantaneous torque or s.eady s.a.e .nstantaneous current) 

; temperature and/or pressure informa.ion on .he refrigerant sys.em. And .he data 

condition such as poor .ubrtcation or liquid compression may he predicted by 
companng a detected instantaneous torque or ins.an.aneous curren, with .he 
stored data table. 

Regarding .he fric.ion properties of the slip surface, when insufficiently 
,uh„ca.ed, .he s„p surface becomes rough, causing increases in friction resistance. 
,n this case, the porrion corresponding to .he range H2 shown in Figure 5 
increases significant*, compared .o ,he s.a.ionary curren. .ndica.ed by dashed 
hne In .he graph of Figure 7 which shows .he rela.ionsh.p between the degree 
15 of dilu.ion of oil and torque, .he .orque in .he range H3 .ncreases signif.can.ly, 

compared to the stationary torque. 

In the case of liquid compression or the like, there occurs a big rise in 
.orque or curren,, as shown in Figure 6. The big rise expressed herein is such a 
rise .ha, exceeds a preset amount. Therefore, i, is poss.ble ,o de,ec, occurrence 
2 „ of poor lubricanon, liquid compression, e,e„ from a big r,se in load lorque, 
because when shaft abnormalities occur in the compressor 1, load .orque increases 
m0 re significant .ban when .he compressor 1 is in its normal s.a.e. If such a 
riS e is de.ec.ed, .be operabon frequency of .he compressor 1 is reduced ,o avo.d 

abnormal operation. 

instead of judging the amoun, of increase in .orque or curren. .0 predic, 
occurrence of abnormal operation as described earlier, a rapid increase in .orque 
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or current may be u«ilized. Tha. is, occurrence of abnorma, opera.ton may be 
predicted when .he amoun, of tncrease (i.e., .he .ncreasing ra.e) in .oroue or .he 
like per unit time exceeds a reference value. 

The instantaneous current can be expressed with a sine wave, and if this 
5 current has an abnorma, waveform as shown in Figure 9, ,« is .hen predtc.ed tha, 
an tmpac, .oad such as shaft abnormaii.ies or liquid compression has been 
imposed. More concre.eiy, if an .mpacr load such as aha,, abnormaii.ies or 
liqu id ccmpresston is rmposed, dtstortton will occur in the waveform of .he 
curren,, forming wha, is called "a mustache stands." as shown in Figure 9. 
10 Accordingly, the waveform is de.ected and if a mustache stands in .his waveform, 
it is then predicted that an impact load has been imposed. 

Th a. is, .he internal condition of the compressor 1 is predicted based on 
the amoun, of distortion produced in .he stne wave, the distortion amount being 
obtained by analysis of the htgher harmontc componen. of the detecred 

™.i Accordingly, poor lubrication etc. is predictable based on 
15 instantaneous current. Accoratngiy, p 

distortion in an instantaneous current. 

, n addition to the prediction of poor lubricafon etc. based on .be amoun. 
of d,s,or,ion, judgments based on .he number of repe.irtons for every machine 
roation frequency are possible. Name.y, it is possrble to make a judgment from 
20 the number of repcti.tons of distortion grea.er than a certain value or from the 
total amoun. of distortion which repeatedly occurs. 

Accordingly, the prediction system 28 shouid be designed such that, .ike 
U» modification shown in Ftgure 8, rhe memory means 21 stores a threshold 
value (specified reference va.ue) in accordance with temperature tnformarron 

,;„« from the refrigerant system and the computing means 
25 and/or pressure information from the rerngeia. , 

20 analyzes rhe higher harmonic componen. of an insran.aneous current. 
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With this arrangement, oecurrence of poor lubrication, liquid compression 
or the „ k e can be predicted by comparing the tbreshoid value w„h .be waveform 
of the htgher harmonic component of a detected instan.aneoos current. In such a 
case, abnorma, operation can be avoided, for instance, by reducing the operation 
5 frequency of the compressor 1. In addition, stnce the threshold value (specified 
reference vaine, is se, based on temperature information and/or pressure 
information from the refrigerant system, the reliability of the detected interna, 

.h A. a result a failure in the compressor can be 
condition can be increased. As a result, a 

prevented without fail. 
10 MODIFICATION 

Now, reference is made to Figore 10 which shows an air conditioner 

constructed according to a modification of the first embodiment. 

in this case, an instantaneous current and/or instantaneous voltage of the 
thr ee-phase coi, » of the motor « is detected, and the interna, condition of the 
16 compressor 1 ,s predicted from the detecfion values. Based on this predtcted 
interna, conditton, an inverter signal from an inverter controlling means 26 fo, 
oriving the compressor I is vaned, thereby performing a protective operation of 
th e compressor 1. "The protective operation" of the compressor 1 discussed 
Herein is a failure avoidance operation for preventing occurrence of poor 

20 lubrication, liquid compression, etc. 

Concrelely, .he compressor 1 has the motor 6, the inverter 11, a sensing 
oev.ee 25 serving as a detecting means for detecting an instantaneous current 
and/or instantaneous voltage applied to the motor 6, the inverter controUing 

25 system 28 and a failure avoidance controlling means 29 which receives an 
,„s,ruction from the prediction system 28. The prediction system 28 is provided 
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w „h .he memory means 21 ana the computing means 20 (not shown in Figure 10 
bu , shown in Ftgure 1). Since other arrangements are the same as in the arr 
conditioner shown in Figure 1, the parts corresponding ,o those of Figure 1 are 
identified h y the same reference numeral and there win be omitted an 

5 explanation thereof. 

Thus, in the air conditioner shown ,n Figure 10, an instantaneous current 
and,or instantaneous voi.age of the cot, 10 of the motor « are detected, and the 
interna, cond.tion (poor iubncation, liquid compress.on, etc, of the compressor is 
predicted from the detection vaine, Then, .he information on the interna. 
10 condition of ,he compressor is inpu, to .he failure avoidance contro.Hng means 29. 

S,ored in .he failure avoidance controliing means 29 is data from a preset 
refrigerant system mode!. The failure avoidance controlling means 29 .npu.s an 
instruction signa, from a refrigerant system con.ro.l.ng means 30 for performing 
operation control on the refrigerant system. 

Accord.ng.y, in the air conditioner of Figure 10, the internal condition of 
the compressor 1 is predic.ed, and the operat.ng cond.tion of .he refrigerant 
circulation circuit is predic.ed based on the refngeran. system model. If the 
con.en. of the prediction is poor lubncat.on, a control signal will be ou.pu. to «he 
inverter controUing means 26 of the compressor 1 from the failure avo.dance 
20 controlling means 29 in order to avoid poor lubrica.ion. To this end, con.ro! for 
varying the revo.uoon speed o, .be motor « (the object of the con.ro.) or control 
for varying the value of a system control .ns.ruction (operation control parameter) 
.ssued from the refrigerant system centreing means 30 is performed, whereby 

abnormal operation is avoided. 

When carrying on. air-condit.omng opeta.ion, the refrigerant system 
centreing means 30 contro.s various units. The interna, condit.on of .he 
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abnormaHty such as poor ,ubrica,,on is being carried out, the con.ro, by r h e 
inv er,er con,ro,„ng means 26 (the protective operar.on of ,h. compressor 1, , 
performed ,n preference ro .he operat.ona, con.ro, by ,e refr, g eran, s y s.em 
. con .ro,„n g means 30. W„h ,h,s arran g emen t , .he re,.ab„i,y of .he avoidance of 
a failure in the compressor 1 can be improved. 

„ the predicted interna, condition is norma,, a shift from the above 
prot ec.ive operation to .he steady operation is made. More specifica„y, .he 
fa „ure avo.dancc co„.ro„,n g means 29 indudes a sw,.chiu g means (no, shown,. 
10 T h,s swi,cnin g means is desi g ned .0 sw.tch .he compressor . .o .he protective 
operation if ,< is predicted an operation with an abnormab.y such as poor 
, ub r,cation is bein g carried on. and to switch the compressor , to the steady 
operation if ,t is predrcted tha, norma, operation has been recovered. Th,s ,eads 
,o h, g h-efficiency operation of the air conditioner. 

The fai,ure avoidance con,ro„in g means 29 may be designed ,o make a 
syst em faiiure d,a g nosis based on the predicted interna, condition of the 
compressor 1. As used herein, ,he term "faf.ure d,a g nosis" means .ha, poor 
.obrication is dia g nosed from .he distortion of a detected .nstantaneous current, 
liquid compresston is dia g nosed from a chan g e in a de.ected ins.an.aneous current, 
20 or abnorma„„es ,n the de g ree of suction superheat are diagnosed by es,ma.,n g 
high and ,ow pressures. The resuH of .his diagnos.s is stored in .he memory 
m eans 21. Therefore, .he resu,, of the system fa„ure diagnosis can be utthzed 
for correction of faults, for example, after stopping operation. 

Thus, a fa„urc diagnos.s can be made in the air condinoner shown in 
25 Figure 19. Moreover, .his fa„ure diagnosts has high re,iabi,i,y so .ha. the 
,„ca,ions of fauits can be determined and .he cause of the fauUs can be pred,c.ed 
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baS ed on .he fai.ure diagnos.s. This makes „ possiMe to correct the fauLs and 
rem „ve ,hc cause of .he faults so .ha, operation in a .roubled condition can be 
avoided. 

The failure avoidance con.rofling means 29 may no. make a failure 
. d.agnosis, bu. may make a failure foreca, when 1. is predic.able .ha. a faUure will 
occur if opera.io„ is continued. As used herein, the term "faUure forecast" 
m eans that poor location is predicted from, for sample, .he distortion o, a 
delecl ed instantaneous current. The tnformation on the failure forecast Is 
emitted to .he outside (i.e., to .he user or the Mke, through a commumcat.on 
10 m ea„s 31. The communication means 31 is confuted by a d,sp!ay means (such 
as fhckering of indica.ion ligh, or sound generation, for Informing the user etc. of 
the information on the failure forecast. 

The air conditioner shown in Figure 10 accordingly makes a failure 
fore cas, and this fa„ure forecast has high reUabiltty so that abnormal operation 
15 en.ail.ng a failure can be avoided based on 1,. Further, since the information on 
the failure forecast can be transmitted to the outs.de through the commun.cat.on 
m eans 31, the user or the ,ike will be informed of it and can cope w„h the faiiure. 
ANOTHER MODIFICATION OF THE FIRST EMBODIMENT 

While the firs, embodiment of the inventton has been described, it is 

• ™i limitpri to the first embodiment but may be 
20 apparent that the invention is not limited to trie 

modified into various forms within the scope of the invention. 

For instance, although high and low pressures, the degree of suction 
superheat, poor lubrication, liouid compression, etc. are predictable for the air 
conditioner shown in Figure 1, the object to be predicted may be any one of them 
25 or arbitrary combinations of items selected from them. 

Although the protective operation of the compressor 1, the failure 
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d ,a g nos,s, and *= faiiure forecas, a, a,, poss.hie for .he air condone, shown ,» 
Figur e ,0, .he ,nven ti on U e q ua,iy appiicahie .o o.her of a, conditioners. 

For insfance, in one aUe.na.ive. .he pro.ec.ive operation is performed, hu. ,e 

, t „e fai.ure d,a g „osis can he made, hu. .he pro.ec.ive option and .he faiiure 
for ecas t are no. perform. Xn ano.her ai.erna.rve, .he faiiure forecas. can he 
m ade. bu. .he pro.ec.ive operarion and .he faiiure dia g nosis are no. performed^ 
0th er — ves are aiso possihie, whrch empioy ar b i,rar y comh.na.rons of 

functions selected from the above. 

in addition, .he specified reference value for a rapid nse in an 
, nst an,aneous curren., which is used for .he predion of .he in.erna, condition, 
and .he specified reference vaiue for a raprd rise in an ins t an.aneous mo.or 
driving .or q ue, which is used for .he predion of .he interna, condition, can he 
a rb i.rar,, y a,.ere d upon co„ d i,on ,h, .he aUeration does no. cause an ahnorma, 
15 operation. 

The dr.ve uni. 40 for .he compressor 1 may have .he funCion o, 
„ u ,pu, t in g informat.on such as a pre d ic.e d mo.or d rivin g ror q ue, .empera.ure, 
h ; gh pressure, iow pressure an d shaf, iuhnca.in, condition, AUerna.iveiy, .he 
«» uni. 40 may input informat.on on the re f r, g erant system to caicuia.e 
20 informat.on in.en d e d for .nrproved accuracy or sys.em op.imum operat.on. 

Thus, informa.ion such as a predicted mo.or driv,n g torque can he output, 
so th a, the user can correc.iy g rasp the interna, condition of the compressor 1. 
ln(or ma.ion .n.ended for ,mprove d accuracy a„ d system optimum operation can 
be ca,cu,,e d , so .ha, i. hecomes poss.hie to ach.eve improvements in accuracy 
25 and perform system optimum operation. 

The motor 6 is not limited to a brushless DC motor. 
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„ ,he case where the internal condition of the compressor 1 is predicted 
by use of a motor mode., a need for an accumuia.or, pressure sensor, pressure 
switch or suction pipe temperature sensor can be obviated. 

Concrete, in the case where the tiquid compression of the compressor 1 
. is predicted as described eartier, an accumulator is unnecessary for the air 
convener shown in F.gure 2. For instance, a motor driving torque, wh.ch ,. a 
parameter of the motor model, is identified and liquid compression is pred.cted 
from this motor driv.ng torque. That is, tiquid baclr is predicted. Therefore, 
, iquid bacK can be avoided without use of an accummator in the refrigerant 

10 circulation circuit. 

The above arrangement is suited especially for .he case where the 
compressor 1 is a rotary compressor. Since one compresston occurs for every 
rotation in .be rotiing-pis.on type compressors aud .he so-called swing-type 
compressors tn wbtch a piston and a blade are integral,, formed, these 
15 compressors have the problems of b.gh-speed compresston and rapid rises tn 
pr essure caused by tiquid bacK. The prediction of Uqutd bade as desenbed in .be 
firs, embodiment enables reliable prevention of tiquid bade without use of an 
accumulator. 

,„ .he case where a mo.or driving torque is identified and a refrigerant 

2 „ pressure is estimated from ibis motor drrving torque, a need for a high-pressure 

sensor and a high-pressure switch prov.ded for ,he discharge side of .be 

1 can be obviated. Further, a need for a low-pressure sensor 
compressor 1 can ue uuvmiwu 

provided for the suction s,de of the compressor 1 can be eliminated. 

,„ the case where a motor driv.ng torque is identified and the degree of 
25 superheat of the refrigeran, of the compressor is predicted from this motor driving 
rorque, a need for a suction pipe temperature sensor provided for the suction s,de 
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of the compressor 1 can be eliminated. 
SECOND EMBODIMENT 

Next a second embodtmen, of Che invention will be described with 
Terence „ .he drawtngs. There wi„ be explatned only .he par, of .he second 
, embodtmen, .ha. differ from .hose of .he firs, enrhodrnren. shown in Ftgure 1. 
Tha , is, in .he second embodiment .he parrs correspond^ .o .hose of Figure 1 
are identified by .he same reference numerals and rhere wfil be omh.ed a de.ailed 

explanation thereof. 

As shown in 11, a detecting means 15 is provided for .he tnverier section 
10 M in p.ace o, .he cnrren, de.ec.or 16 and voltage de.ec.or 17 of .he frs. 
embodiment The de.ec.ing means 15 detects .he cnrren. and voi.age of .he 
thre e-phase eoi. 10 of .he brushless DC mo.or «. The de.ec.ing means ,5 has a 
cnrren, de.ecttng sec.ion composed of a curren. de.ec.ron sensor or .he hire 
capab,e of de.ec.ing current, and a voltage de.ec.ing section composed of a 
1, vohage de.ec.ion sensor or .he like capable of de.ec.ing vohage. 

As shown in Fignre 13, .he compressor 1 is made in the form of a scroll, 
and ,<s brushes DC mo.or * has an arma.nre 10 (i.e., cod) and a ro.or la. In 
thi s case, .he roror 1. of .he brushlcss DC mo.or 6 has a magnet-embedded 
struc tnre in which magnets (permanent magnets, lb... are embedded instdc 
2 0 thereof as shown in Figure 14. Ineidenta.lv, the permanent magnet synchronous 
mo .or (PMSM) is a mo.or in which mechanica, rectification caused by the brush 
and commutator of a direct-current motor is replaced by the switching action of a 
semiconductor, and is cal.ed a brushless DC motor. Since the PMSM is formed 
SUC n tha, mechanical rectification is replaced by the switching action of a 
25 semiconductor, it has a ro.ary magnetic fie,d system structure where the magnets 
(permanent magne.s) lb are formed in the rotor side whereas the arma.nre 10 tn 
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th e sta.or side. The rorattng posUion of the rotor U of the ^ ^ motor . 
U est.mated using current, voUage and in— cons.an.s, and the brushes DC 
mot „ r « is conrroUed based on fhe reauU of .he estimation of ,he rotating position. 
In th e refrigerant system shown in Figure 12, a temperature detecung 
. means 24 is formed in a d.scharge pipe It of .he compressor 1. Th.s 
.emperamre de.ec.ing means 24 de.ec.s .he discharge pipe temperature of the 
compressor 1. 

T„e prediction system 28 is constructed as a motor temperature estimation 
syst em, and an estimated motor temperature is regarded as the interna, 

.1 This orediction system 28 is equipped with the 
10 temperature of the compressor 1. This predictio y 

c K the computing means 20 (i.e., arithmetic operation 
above detecting means 15, the computing 

<>i (\ e storage unit), and an instrument constant 
unit), the memory means 21 (i.e., storage 

inputting means 35. 

,„ th ,s case, the estimation of a motor temperature is made by es.tma.mg 

16 th e tempera.ure of the magnets (permanent magne.s, lb in .he roror la from the 
curr e„t and voitage of .he mo.or « and ins.rumen, constants. Concre.eiy, a 
mot „r .emperature is estimated using a motor mode, (rotating coordinate system 
mod e„ composed of the current and voUage of .he mo.or 6, resistance and 
inductance, the resistance and inductance being an instrument constant. 

That is, the computing means 20 is so constructed as to identify .he 
mag „etic fiux charac.ensr.c va.ue of the armature flux iinKage o, the magnets lb, 
which is a parameter of the motor model. 

The above memory 21 estimates a motor temperature from the identified 
mag netic flux characteristic value. In this estimation, the voltage equation for a 
25 PM synchronous motor shown in Equation (9) is used. 
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vw 





Ra+pLu pMuv pMwu Ifiu 
pMuv Ra+pLv pMvw iv 
pMwu pMvw Ra+pLwJ[iw 



OJ z/> f sin 6 



(9) 



where 

Lu, Lv, Lw: self-inductances of phases 
Muv, Mvw, Mwu: mutual inductance between phases 
5 e = cot: lead angle of d-axis from U-phase 

co: electrical angular velocity 

¥ f: maximum value of armature flux linkage produced by permanent 

magnets per phase 

vu, vv, vw: armature voltages of phases 
10 iu , iv, iw: armature currents of phases 

p = d/dt: differential operator 
Ra: resistance of armature winding 

Like the basic model (rotating frame mode!) for the tbree-pbase PMSM 
Having two poles as shown in Figure 15, a d-axis is plotted in the direction o, the 
15 N-pOe of the magnets lb and a q -axis is plo.ted in the direction which is shifted 

c,ockw,se shifted based on the U-phase w.nding, is represented by 6, the self- 
,„duc,ances of the armature are described by Equation (.0), the mutual inductance 
by Equation (11), and the armature flux linkage of the magnets lb by Equat.on 
20 (12). 
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Lu=la+La- Lascos2 0 

Lv= la+ La- Lascos ^2 0 + -j- 71 J 

Lw= la+ La- Lascos ^2 0 - -§~ 7T ) 



(10) 



where 

Lu, Lv, Lw: self-inductances of phases 

la: leakage inductance per phase 

La: average of effective inductance per phase 

Las: amplitude of effective inductance per phase 

B = cot: lead angle of d-axis from U-phase 

co: electrical angular velocity 



10 



Muv= 
Mvw= 
Mwv= 



- La- \ Lascos ^2 0 - -§- 71 ) 



-La- 



Lascos2 0 



- La— |- Lascos ( 2 0 + T" 7r )^ 



where 



(a) 



Muv, Mvw, Mwu: mutual inductance between phases 



t//fu= ^//fcos0 
t//fv= ^fcos ^0 

l//fw= t//fcos^0 + ^ _7r ) 



(12) 



15 



where 



vi/fu, yfv, yfw: armature 



flux linkage produced by permanent magnets in 



phases 
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vf: maximum value of armature flu* linkage produced by permanent 
magnets per phase 

Equation (9) is obtained from Equations (10) and (12). The 
tr a„sforma,,on matrix used for transformat.on from .be three-phase coordinate 
sys.em to .he d, o coordtnate system is gtven by ,he following Equation (13). I, 
th e basic voltage equat.on (Equa.ton (9)) described eariier is converted, by use of 
tH s transformat.on matrix, into the d, q axis coordmate system which rora.es a. an 

following Equation (14). 



10 



C= 




OOS0 cos(0-^-7T) cos(6 + ^n) 
-sin0 -sin(0--H -.*(* + -§-*) 



(13) 



fvdl [Ra+pLd - wLdpdl + 
[ vq J- [ OjLd Ra+pLqJLiqJ 



0 

(x) ijj 



(14) 



15 



20 



where 

Y = V3/2 \|/f = ^3 ye 

ye : effective value of arma.ure flux linkage produced by permanent 
magnets 

vd, vq: d-axis and q-axis components of armature voltage 
id, iq: d-axis and q-axis components of armature current 
Ld = la + 3/2 (La - Las): d-axis inductance 
Lq = la + 3/2 (La + Las): q-axis inductance 

in the steady state, the differential operator p is zero in Equation (14) and 
th erefore the motor voltage equation for the steady state is given by the following 
Equation (15). 
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is 



is 



rvdi r r ¥ id l+ f °/l •••(is) 

*]=[a>Ld R ]W + MJ 

, i. firs, found from Equation (15), and the te.npera.ure of the magnets 
lb „ estimated from Herein, ¥ designates a magnet.c fox characteristie 
va ,ue associated with the armature flu, Unkage generated by the magnets !b. 
More concreie.y, , can be found from , - ^e, and V e is the effective vaiue of 
th e armature flux iinxage generated by the magnets lb. By setting id (the d-ax,s 
component o, the armature current, to zero where ? is zero and the current phase 
zero as shown in Figure 16, vq (the q-ax,s component of the armature voi.age) 
g ,ven by the foliowing Equation (16). Equation (16, is then converted tn.o 
„ Equation (17, from which , can be obtained. Once , is determined, the 
.emperature (rhe temperature of the magnets, can be estimated from a graph (a 
p,ot of magnetic flux vs. temperature, such as shown in F.gure 17 which shows 
th e rdationship between , and temperature. SpecificaUy, this graph shows .he 
va ,ue of v for an ac.ua, temperature and is prepared beforehand to be stored in .he 
» memory means 21. After , is ca,cu,a.cd by the comput.ng means 20, the resuU 
„, .his arithmer.c operation is input to .he memory means 21 and the motor 
temperature is estimated from this. 

Vq = R x iq + co x v|/ ... (16) 
y = (vq - R x iq) /co ...(17) 

Equat.on (18). Equaoon (18) is converted in.o Equation (19) from wh.ch , can 
be found. The temperature (the temperature of the magnets) can be estimated 
from the above graph (the p.o, of magnetic flux vs. temperature) based on , thus 
ob,ained. Incidental, in the above arithmetic operation, the motor current and 
25 motor vonage are detected by the detecting means 15. These moror current and 
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m „,or vo„age as we„ as resist* and .nduc.ance are inpu t ,o ,he computing 
m ea„s 20, .he res.s.ance and induc,ance be.ng ins.rumen. constants inpu, .hrough 
the ins.rumen, eonscan, inpu.hng means 35. According*, data (numerica, 
va ,ues, required for the above ari.hme.ie expressions ean be ob.ained without fa,,. 
5 , q= „UxiJ+Rxiq + «» - < 18 > 

id - R x iq) /ca ...(19) 
The magnetic flux eharac.eris.ic va.ue of .be arnra.ure flux iinxage is no. 

Iimit ed .o S.nee , - ^e, *> ^ * — » «- CharaC,enS "° 
valu e .o prepare .be graph ,he p,o. of magnetic flux vs. rempera.ure) showing .be 
10 rel ,io„sh.p be.ween ,e and .empera.ure. The mo.or .en.pera.nre may he 

armature flux linkage generated by the magnets lb. 

Thus the mo.or .empera.ure (.he tempera.ure of the magnets lb) ean be 
es,ma,ed as desertbed eaflier, and .be interna, temperature of .he compressor 1 
15 can be estimated from this estimated mo.or .empera.ure. From this estimated 
mo ,or temperature, i, is possihie to de.erm.ne whe.ber .he compressor 1 is norma, 
or abnorma,, so ,ha. operauon in an abnorma, sta.e can be avo,ded .hereby 
p r even,,ng a faflure caused by, for instance, damage ,0 ,be inner par, of ,he 
compressor 1. It shou,d be no.ed .ha. this .empera.ure ea.ima.ion may be 
20 cons,an.,y made during operation. A,.erna,ve,y, .he .empera.ure es.ima.ion may 
be made under a cer.ain condi.ion such as, for exampie, when .he revo,u,on 
speed or curren, of .he mo.or has a specified va.ue. In .his case, a condi.ion 
wh ere p becomes zero is es.abhsbed wi.h id (,he d-axis componen. of armature 
curren.) = zero simHar.y ,o the case described eaflier, and ,he„, , is oh.ained .0 

25 estimate the temperature therefrom. 

Incidental, once a condi,.on where P = zero is es,ab,ished, a d-axis 
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inducta „ce Ld is no ,onger necessary so .ha, operafion errors caused by changes 
in consran, due ,o .empere.ure flue— etc. can be reduced, ieading to an 
impr oveme„, in ,he accuracy of ,he remperarure es.inra.ion. Addi.iona.iy, mis 
off ers a po.en.iai for .he rempera.ure es.rnra.ion for areas wh.ch are shor. of 
. refrigeran. gas in an a.r condr.roner such as used in .his enrhodinren.. However, 
,„ this case, .he measuremen, area is narrow so .ha. .here arises a need ,o seiec. a 
m£a sureme„, nrode for making P zero, during opera.ion. .n ,he norme, s.a.e 
wh ere » * zero, .he rempera.ure es.inra.ion can he made in a,, opera.ron areas a. 

u t ;t i« necessary to increase the accuracy of the 
all times during operation, but it is necessary 

t a That is both cases where P =0 and 
10 identification of the d-axis inductance Ld. That is, 

•t a «rf a demerit and therefore, nothing is the matter 
where p * 0 have a merit and a demerit, an 

whichever is adopted. 

As shown in Frgure 12, .he .empera.ure de.ec.ing means 24 is formed in 
th e drscharge p.pe 18. In .he air condi.ioner, discharge pipe rempera.ure con.ro, 
15 ba sed on .he discharge pipe rempera.ure o, .he compressor . is performed. 
Therefore, .he prediction sysrem 28 may he e q u. PP ed wi.h a cahbrarion means 36 
for adj us,ng an es.ima.ed .empera.ure .o an ac.ua, .empera.ure utilizing ,h,s 
discharge p.pe rempera.ure if .he es.ima.ed .empera.ure differs from .he ac.ua, 
t empera,ure. The ca.ihrarion means 36 is constituted by rhe compu.ing means 20. 

Thar is, as far as rhe flow ra.e of .he refngeran. gas is norma,, .he 
discharge prpe rempera.ure is substan,,a„y .he same as .he in.erna, .empera.ure of 
the compressor 1. If an es.imared rempera.ure differs from ,he discharge pipe 
,empera.ure, .he es.tma.ed .empera.ure is incorrect. In such a case, a 
compensate va,ue may he added ,o .he esrima.ed .empera.ure. Th.s ca,ibrat,o„ 
25 may he co„s.an«,y carried our during operarion. AUerna,,ve,y, .he cahbra.ron 
may be done on condition .ha. .he curren. of .he mo.or 6 or rhe discharge p,pe 
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.empera.ure falls in a specified range for a certain period of Ume. 

S,„ce .he prediction system 28 esflma.es rhe motor temperature from .he 
cur ren, and vobage of rhe motor 6 and .he instrument consranrs, there is no need 
to use a tentperatnre detecting sensor. In addition, since data for esflma.ing the 
rotat ,„g posttion is nsed, additional nse of other arrangements is almost 
unnecessary. Therefore, a high,y rel.able motor temperature can he ohta.ned a, 



low cost. 



f thP maenets lb is estimated as the motor 
Since the temperature of the magnets 

.empera.ure, us.ng the rotary coordinate system mode, constituted hy the ahove 
10 current and voUage. and res.stance and tnductance tha, are instrument constants, 
,he temperature of the magnets lb can be easily estimated. 

Further, the motor temperature can be reliably estimated by use of a 
simple arithmetic expression (basic voltage equation). 

In addition, stnce a d-axis is plotted in the direction of the N pole of the 

, a x,s by „2; the motor bas.c vobage equation for the three-phase PMSM is 
converted ,n,o the d, , axis coordinare system which rotates a. an electric angu.ar 
speed thereby obta.ning the motor voUage equation; a voltage equation for the 
s ,cady state ts obtained from ,h,s motor voltage equation; and a, the rime of the 

, „ ( ,h, armature current in the steady-state 
20 estimation, the d-axis component of the armature 

vo „age equatton is made zero, a need to use the d-ax,s inductance Ld can be 
obviated and the number of opera.iona, elements can be reduced. Therefore, 
operation errors caused by changes in constats due to remperaturc fluctuations 

etc can be lessened. 

Further, the prediction system 28 can estimate the interna, temperature of 
the compressor 1 from the motor temperature, so that the interna, condition of the 
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compressor 1 can be predicted. The re.iabili.y of the estimated temperature can 
be increased especially by the proviston of the calibration means 3«. 

By virtue of .his arrangement, the predtctton system 28 does not judge 
that the compressor 1 is abnormal when i, is normally operating and that the 
5 compressor 1 is normal when it is abnormally operating. 

That is, if the compressor 1 is judged to be abnormal although it normally 
operates, the atr-conditroning operation wiU be stopped so that the room canno, 
be kept comfortable. On the other hand, if the compressor I is judged to be 
normal aithough it abnormally operates, the air-cond,.ioning operation win be 
,0 continued, so that there is a likelihood tha, a failure will occur in the air 
conditioner or power consumption will increase. 

To cope with this problem, the prediction system 28 predicts the internal 
condition (internal tempera.ure) of the compressor 1 with high accuracy, wh.ch 

eliminates such a likelihood. 
15 Incidentally, during operation of the compressor 1. the internal 

temperature of the compressor 1 is es.tmated a, start-up, and the degree of a 
subsequent rise in temperature is predicted. If the temperature a. s,ar,-up or the 
rise in temperature is unusual, the operation may be stopped. With this 
arrangement, early de.ect.on of abnormalities is enabled, thereby preventing the 
20 compressor I from operating in an abnormal condition for a long time, so that 
prevention of damage to the compressor 1 etc. and, in consequence, improved 
reliability becomes possible. 

ANOTHER MODIFICATION OF THE SECOND EMBODIMENT 

Although the second embodiment of the invention has been described, it is 
25 apparent that the invention is not limited to the second embodiment, but may be 
modified into various forms within the scope of the invention. 
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For instance, while the rotor la having a magnet-embedded s.rncture such 
as shown in F.gure 14 is employed, it may be replaced with a rotor of a magnet- 
surface structure in which permanent magnets are attached ,0 the rotor surface. 

Additionally, the compressor 1 is no, Hmited to the scroll-type, and there 
5 may be used other types of compressors such as the swing-type. 

Furthermore, .he actual temperature to which the estimated temperature is 
compared in the ca.ibra.ion means 36 i. no. limited «o .he temperature of .he 
discharge pipe, and temperature, wh.ch is substantial the same as or 
proportional .o the actual internal tempera.ure of the compressor, may be 
10 employed. 

While the air condit.oner shown in Figure 12 is used as the refrigerator, 
th e invent.on is equally applicable to o.her «ypes of refrigera.ors, as far as they 
have the compressor 1 equipped with the brush.ess DC motor 6 capable of 

temperature estimation. 
15 In addition, a fixed coordinate system may be used as the model for motor 

temperature estimation in place of the rotary coordinate system model. 

INDUSTRIAL APPLICABILITY 

As described earlier, the drive unit for a compressor and the refrigerator 

according to the invention are well suited for use in refrigeration etc. and 
20 particularly useful for control performed based on the internal condition of a 

compressor. 
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